Introduction {#Sec1}
============

In a recent work \[[@CR1]\], we have proposed a direct connection between inflation and supersymmetry breaking by identifying the inflaton with a superpartner of the Goldstone fermion of supersymmetry breaking (goldstino), charged under a gauged R-symmetry.[1](#Fn1){ref-type="fn"} The superpotential is then linear in the inflaton superfield *X* leading to a natural solution of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$-problem in supergravity,[2](#Fn2){ref-type="fn"} due to an exact cancellation of the inflaton mass around the origin for canonically normalised kinetic terms, corresponding to a quadratic Kähler potential $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal{K}=X{{\bar{X}}}+\cdots $$\end{document}$. A positive quartic correction to $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal{K}$$\end{document}$ is then needed to create a flat maximum at the origin providing naturally slow-roll small-field inflation in a model independent way. Indeed, the effective field theory has two parameters that can fit the amplitude and the spectral index of primordial density fluctuations, with a nice prediction for the number of e-folds and a rather small ratio of tensor-to-scalar perturbations.

The inflaton charge under the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)_{\mathrm{R}}$$\end{document}$ should be small so that the D-term contribution to the scalar potential plays no role during inflation (thus driven by an F-term supersymmetry breaking) but could affect the minimum, allowing in particular for a tuning of the vacuum energy to an infinitesimal positive value. In order to study this question within the same effective field theory, an extra condition has to be imposed guaranteeing a 'nearby' minimum that can be treated perturbatively around the maximum at the origin. It turns out that this is possible in the presence of a second order correction to the Kähler potential, cubic in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$X{{\bar{X}}}$$\end{document}$.

Obviously, an interesting question is whether the above desired corrections to the Kähler potential can arise from an underlying microscopic theory. In this work we provide an example of such a field theory model coupled to supergravity. It is the standard Fayet-Iliopoulos (FI) model of supersymmetric QED with a massive electron in the presence of a constant FI D-term \[[@CR17]\]. In global supersymmetry, there is a region of parameter space, when the FI parameter is large compared to the electron mass, where the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ is broken and supersymmetry breaking is dominated by an F-term but is still small compared to the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ mass. The spectrum is then approximately supersymmetric containing one massive vector multiplet and the light goldstino multiplet with a linear superpotential. The vector multiplet can be integrated out leading to an effective Kähler potential for the goldstino multiplet \[[@CR18]\]. The coefficient of the quartic term is, however, negative so that the origin is a minimum of the scalar potential upon coupling this model (naively) to supergravity.

In order to couple this model to supergravity, one has to promote the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ to a gauged R-symmetry. A mass term is therefore allowed only if the electron and positron have *not* opposite charges, since the superpotential has a net charge. Moreover, the FI parameter is fixed by the charge difference in terms of the Planck mass. In this work, we analyse this theory and show that there is a region in the parameter space where the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ is broken and the spectrum is approximately supersymmetric, so that the massive vector multiplet can be again integrated out leading to an effective Kähler potential for the goldstino multiplet. In this case, it turns out that the first order (quartic) correction can be positive so that the corresponding scalar potential has a maximum at the origin, providing a concrete example for the desired effective theory of the goldstino multiplet. Moreover, upon introducing a second $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ (another gauged R-symmetry), we show that using the second order correction to the Kähler potential one obtains a scalar potential describing a realistic inflation around the maximum with the inflaton rolling down to a nearby minimum having a tuneable vacuum energy.

The outline of our paper is the following. In Sect. [2](#Sec2){ref-type="sec"}, we present for self-consistency a brief review of the proposed mechanism of inflation from supersymmetry breaking by identifying the inflaton with the goldstino superpartner. In Sect. [3](#Sec3){ref-type="sec"}, we consider the FI model based on an R-symmetry $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ and perform for illustration the integration out of the massive vector multiplet in global supersymmetry ignoring the fact that this model is not consistent without supergravity. In Sect. [4](#Sec8){ref-type="sec"}, we perform the integration in supergravity using the superconformal formalism. In Sect. [5](#Sec18){ref-type="sec"}, we compute the effective field theory and we identify a region in the parameter space providing a realistic model for inflation with all desired properties. Section [6](#Sec25){ref-type="sec"} contains our concluding remarks. For self-consistency and convenience for the reader, we have also an appendix with the basic formalism of conformal supergravity that we use in Sect. [4](#Sec8){ref-type="sec"}.

Inflation from supersymetry breaking {#Sec2}
====================================

This section reviews a class of models studied recently by the present authors \[[@CR1]\], in which the inflaton is identified with the scalar superpartner of the goldstino in the presence of a gauged R-symmetry. The superpotential is then linear offering a natural solution to the $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$-problem. The Kähler potential is chosen such that inflation occurs in a plateau around the maximum of the scalar potential (hill-top), to avoid large field initial conditions, while the pseudoscalar partner of the inflaton is absorbed into the R-gauge field that becomes massive. Therefore, the inflaton is identified with the single scalar field that survives in the spectrum. Moreover, the model allows the presence of a realistic minimum with an infinitesimal positive vacuum energy. This is realised due to a cancellation between the F- and D-term contributions to the scalar potential, without affecting the properties of the inflationary plateau.

In general, such models can be classified into two classes depending on whether the maximum corresponds to a point of unbroken (case 1) or broken (case 2) R-symmetry. In the following, we will summarise the main features of models of case 1 that we consider in this work, where inflation occurs near the maximum of the scalar potential where R-symmetry is restored.

Let us consider supergravity theories containing a single chiral multiplet transforming under a gauged R-symmetry with a corresponding abelian vector multiplet. We assume that the chiral multiplet *X* transforms as:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} X \rightarrow e^{-i q \Lambda } X, \end{aligned}$$\end{document}$$where *q* is the charge of *X*, and $\documentclass[12pt]{minimal}
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                \begin{document}$$\Lambda $$\end{document}$ is the gauge parameter. The Kähler potential is therefore a function of $\documentclass[12pt]{minimal}
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                \begin{document}$$X{\bar{X}}$$\end{document}$ while the superpotential $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {W}$$\end{document}$ is linear in *X*$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \mathcal {K} = \mathcal {K}(X {\bar{X}}), \quad \mathcal {W} = \kappa ^{-3} f X, \end{aligned}$$\end{document}$$where *f* is a constant. Note that *X* is dimensionless and $\documentclass[12pt]{minimal}
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                \begin{document}$$\kappa ^{-1} = 2.4\times 10^{18}$$\end{document}$ GeV is the reduced Planck mass. The gauge kinetic function is taken to be 1. Note that the superpotential is not gauge invariant under the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ gauge symmetry, but it transforms as $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {W} \rightarrow \mathcal {W}e^{-iq \Lambda }$$\end{document}$. Therefore, the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ is a gauged R-symmetry which in Sect. [5](#Sec18){ref-type="sec"} we will denote by $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)^\prime $$\end{document}$.

The scalar potential is given by$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {V}&= \mathcal {V}_F + \mathcal {V}_D, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {V}_F&= e^{\kappa ^2\mathcal {K}}\left( -3\kappa ^2 \mathcal {W} \bar{\mathcal {W}} + \nabla _X \mathcal {W} g^{X{\bar{X}}}\bar{\nabla }_{{\bar{X}}}\bar{\mathcal {W}}\right) ,\end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {V}_D&= \frac{1}{2}\mathcal {P}^2, \end{aligned}$$\end{document}$$where the Kähler covariant derivative is acting on $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \nabla _X \mathcal {W} = \partial _X \mathcal {W}(z) + \kappa ^2 (\partial _X\mathcal {K})\mathcal {W}. \end{aligned}$$\end{document}$$The moment map $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {P}$$\end{document}$ is given by$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {P} = i(k^X\partial _X\mathcal {K} - r). \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k^X$$\end{document}$ is the Killing vector for *X* under the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ R-symmetry, and *r* is defined by $\documentclass[12pt]{minimal}
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                \begin{document}$$r=-{\kappa }^{-2}k^X{\mathcal {W}}_X/{\mathcal {W}}$$\end{document}$; in the present setup, they become $\documentclass[12pt]{minimal}
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                \begin{document}$$k^X = -iqX, ~ r=i{\kappa }^{-2}q$$\end{document}$. As usual, subscripts stand for partial derivatives: $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathcal {W}}_X:=\partial _X{\mathcal {W}}$$\end{document}$.

We are interested in the case where inflation starts near a local maximum of the potential at $\documentclass[12pt]{minimal}
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                \begin{document}$$X = 0$$\end{document}$, where R-symmetry is preserved. Let us expand the Kähler potential in $\documentclass[12pt]{minimal}
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                \begin{document}$$X{\bar{X}}$$\end{document}$ up to quadratic order:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \kappa ^2\mathcal {K} = X{\bar{X}} + A (X {\bar{X}})^2 + \cdots \, . \end{aligned}$$\end{document}$$With this, the F-term potential becomes$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \kappa ^{4}\mathcal {V}_F&= f^2 e^{X {\bar{X}} \left( 1 + A X {\bar{X}} \right) } \nonumber \\&\quad \times \left[ -3 X {\bar{X}} + \frac{\left( 1 + X {\bar{X}} + 2 A (X {\bar{X}})^2) \right) ^2}{1 + 4 A X {\bar{X}}} \right] , \end{aligned}$$\end{document}$$and the D-term potential is$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \kappa ^{4}{\mathcal {V}}_D = \frac{q^2}{2} \left[ 1 + X {\bar{X}} + 2 A (X {\bar{X}})^2 \right] ^2 . \end{aligned}$$\end{document}$$Under a change of field variables$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} X = \rho e^{i \theta }, \quad {\bar{X}} = \rho e^{-i \theta }, \quad (\rho \ge 0), \end{aligned}$$\end{document}$$the scalar potential reads$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \kappa ^4 {\mathcal {V}}&= f^2 e^{\rho ^2 + A \rho ^4} \Bigg [ - 3 \rho ^2 + \frac{\left( 1 + \rho ^2 + 2 A \rho ^4\right) ^2}{1 + 4 A \rho ^2} \Bigg ] \nonumber \\&\quad + \frac{q^2}{2} \left( 1 + \rho ^2 + 2 A \rho ^4 \right) ^2 . \end{aligned}$$\end{document}$$Note that the scalar potential is only a function of the modulus $\documentclass[12pt]{minimal}
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                \begin{document}$$\theta $$\end{document}$ will be "eaten" by the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)_{\mathrm{R}}$$\end{document}$ gauge field in a similar manner to the standard Brout-Englert-Higgs mechanism.
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                \begin{document}$$\rho $$\end{document}$ as the inflaton. In order to calculate the slow-roll parameters, one needs to work with the canonically normalised field $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \frac{d\chi }{d\rho } = \sqrt{2 \mathcal{K}_{X {\bar{X}}} }. \end{aligned}$$\end{document}$$The slow-roll parameters are given in terms of the canonical field $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \epsilon = \frac{1}{2\kappa ^2} \left( \frac{d{\mathcal {V}}/d\chi }{{\mathcal {V}}}\right) ^2, \quad \eta = \frac{1}{\kappa ^2} \frac{d^2{\mathcal {V}}/d\chi ^2}{{\mathcal {V}}}. \end{aligned}$$\end{document}$$Since we assume inflation to start near $\documentclass[12pt]{minimal}
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                \begin{document}$$\rho =0$$\end{document}$, we expand$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \epsilon&= 4 \left( \frac{-4 A + y^2}{2 + y^2} \right) ^2 \rho ^2 + {\mathcal {O}}(\rho ^4), \nonumber \\ \eta&= 2 \left( \frac{-4 A + y^2}{2 + y^2} \right) + {\mathcal {O}}(\rho ^2) , \end{aligned}$$\end{document}$$where we defined $\documentclass[12pt]{minimal}
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                \begin{document}$$y = q/f$$\end{document}$. The above equation implies $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\epsilon \simeq \eta ^2\rho ^2 \ll \eta $$\end{document}$. For simplicity, we consider the case where the F-term potential is dominant by setting *y* to be very small so that *y* can be neglected. Taking this into account, let us find some constraints on the coefficient *A* of the quadratic term of the Kähler potential. The condition that the scalar potential has a local maximum at $\documentclass[12pt]{minimal}
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                \begin{document}$$A>0$$\end{document}$. Furthermore, the slow-roll condition $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | \ll 1$$\end{document}$ gives an upper bound $\documentclass[12pt]{minimal}
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                \begin{document}$$A \ll 0.25$$\end{document}$. Therefore, the constraint on *A* is$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} 0<A \ll 0.25. \end{aligned}$$\end{document}$$In order to satisfy CMB observational data with $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta \sim -0.02$$\end{document}$, we choose $\documentclass[12pt]{minimal}
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                \begin{document}$$A \sim 0.005$$\end{document}$. In the following sections we explore a microscopic model that can generate the coefficient *A* satisfying the requirement ([2.16](#Equ16){ref-type=""}).

Fayet--Iliopoulos model in global supersymmetry {#Sec3}
===============================================

In this section, we introduce a "generalisation" of the Fayet-Iliopoulos model as an example of the microscopic origin for the effective field theory of the inflation model described in the previous section. We consider the regime where both gauge symmetry and supersymmetry are spontaneously broken, leaving (in the decoupling limit) the goldstino as the only light mode in this sector.

Setup {#Sec4}
-----

We consider a globally supersymmetric theory specified by the following Kähler potential, superpotential and gauge kinetic function$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {K}&= {\bar{{\varvec{\Phi }}}}_+ e^{q_+{\varvec{V}}} {\varvec{\Phi }}_+ + {\bar{{\varvec{\Phi }}}}_- e^{-q_-{\varvec{V}}} {\varvec{\Phi }}_-, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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Note that gauging the R-symmetry is not consistent in global supersymmetry. However, as we mentioned in the introduction, we ignore this problem and consider the above model for illustration of the integration out procedure, as a warming up exercise, before going to supergravity.

Mass spectrum {#Sec5}
-------------

We first investigate the mass spectrum of the theory. For this we adopt the Wess-Zumino gauge. Note that the auxiliary fields enter the superfields as$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\varvec{\Phi }}_\pm \ni {\theta }{\theta }F_\pm , \qquad {\varvec{V}}\ni \frac{1}{2}{\theta }{\theta }{\bar{{\theta }}}{\bar{{\theta }}} D. \end{aligned}$$\end{document}$$The part of the action with auxiliary fields reads$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} S ~ \ni&~ \int d^4x ~ \frac{1}{4}(2+b\ln |{\varphi }_-/M|^2)D^2 \nonumber \\&\quad + \int d^4x \, \left( \frac{1}{2}q_+D|{\varphi }_+|^2 - \frac{1}{2}q_-D|{\varphi }_-|^2 \right. \nonumber \\&\quad \left. + {\bar{F}}_+F_+ + {\bar{F}}_-F_- + \frac{1}{2}\xi q_-D \right) \nonumber \\&\quad + \int d^4x ~ m(F_+{\varphi }_- + F_-{\varphi }_+ + {\bar{F}}_+{\bar{{\varphi }}}_- + {\bar{F}}_-{\bar{{\varphi }}}_+). \end{aligned}$$\end{document}$$After integrating out $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$F_\pm $$\end{document}$ and *D*, this becomes$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} S ~ \ni&~ - \int d^4x \, \frac{1}{4} \frac{\left( q_+|{\varphi }_+|^2 - q_-|{\varphi }_-|^2 + \xi q_- \right) ^2}{2+b\ln |{\varphi }_-/M|^2} \nonumber \\&- \int d^4x ~ m^2(|{\varphi }_-|^2 + |{\varphi }_+|^2)\, , \end{aligned}$$\end{document}$$leading to the scalar potential$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \mathcal {V}^{\mathrm{{UV}}}&= \frac{1}{4} \frac{\left( q_+|{\varphi }_+|^2 - q_-|{\varphi }_-|^2 + \xi q_- \right) ^2}{2+b\ln |{\varphi }_-/M|^2} \nonumber \\&\quad + m^2(|{\varphi }_-|^2 + |{\varphi }_+|^2). \end{aligned}$$\end{document}$$We are interested in the spectrum around the vacuum (for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\xi >0$$\end{document}$)$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\langle }{\varphi }_+ {\rangle }= 0, \qquad {\langle }{\varphi }_- {\rangle }= v. \end{aligned}$$\end{document}$$To simplify the expressions, we may take the scale parameter $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M = v$$\end{document}$, getting rid of the factor $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ln v$$\end{document}$. The vacuum expectation values of the auxiliary fields are$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\langle }F_+ {\rangle }= 0, \qquad {\langle }F_- {\rangle }= -mv, \qquad {\langle }D {\rangle }= -\frac{q_-}{2}(\xi - v^2). \end{aligned}$$\end{document}$$For our convenience, let us introduce new parameters$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \Delta := \xi - v^2 ~\text { and }~x := \frac{q_+}{q_-}. \end{aligned}$$\end{document}$$Since the first derivative of the potential $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {V}^{\mathrm{{UV}}}_{{\varphi }_-^*}$$\end{document}$ must vanish at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\varphi }_-=v$$\end{document}$, this gives us the constraint equation$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} -\frac{1}{4}q_-^2 v^2\Delta -\frac{1}{16}bq_-^2 \Delta ^2 +m^2v^2 = 0. \end{aligned}$$\end{document}$$It would be clearer for the reader to start our discussion with the approximation of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b=0$$\end{document}$ where ([3.13](#Equ29){ref-type=""}) has a unique solution,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \Delta = \frac{4m^2}{q_-^2}. \end{aligned}$$\end{document}$$One can easily see that the imaginary part $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Im}{\varphi }_-$$\end{document}$ plays the role of R-Goldstone boson and is eaten by the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{U}(1)$$\end{document}$ gauge field. The real part $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}{\varphi }_-$$\end{document}$ has mass $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|q_-|v$$\end{document}$ (the same as the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{U}(1)$$\end{document}$ gauge field) while $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\varphi }_+$$\end{document}$ has mass square $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m^2(1+x)$$\end{document}$. In the next subsection we will integrate out the massive vector multiplet and leave only $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\varvec{\Phi }}_+$$\end{document}$ in the low-energy effective theory. This can be done consistently if the parameter *m*, *v* and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q_-$$\end{document}$ satisfy the following integrating out condition,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} m^2 \ll q_-^2v^2 ~~\text { or } ~~ \Delta \ll v^2. \end{aligned}$$\end{document}$$For the more general case where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Integrating out heavy fields in superspace {#Sec6}
------------------------------------------
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The effective Kähler potential near the maximum of the scalar potential {#Sec7}
-----------------------------------------------------------------------
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Fayet--Iliopoulos model in supergravity {#Sec8}
=======================================

In the UV model of the last section, the gauged $\documentclass[12pt]{minimal}
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UV action {#Sec9}
---------

The UV supergravity action we consider is$$\documentclass[12pt]{minimal}
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The notation is as follows: The chiral superfields $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)_{\mathrm{m}}$$\end{document}$. For more details see \[[@CR1], [@CR19]\].

The scalar potential of the UV theory ([4.1](#Equ53){ref-type=""}) is given by$$\documentclass[12pt]{minimal}
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We can consider first the approximation $\documentclass[12pt]{minimal}
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Normalisation, compensators, and conformal supergravity {#Sec10}
-------------------------------------------------------

The next task is to integrate out the heavy degrees of freedom and to identify the resulting effective Kähler potential and superpotential. In general, the form of the effective action highly depends on the normalisation of the kinetic terms of the gravity multiplet in the UV theory. In this subsection, we discuss how to control the normalisation dependence in the effective theory and propose a method of choosing the normalisation which facilitates the identification of the effective Kähler potential and superpotential and the computation of the scalar potential.

### Normalisation and compensator {#Sec11}

The supergravity action coupled to matter is specified by a Kähler potential $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathcal {K}}$$\end{document}$ and a superpotential $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathcal {W}}$$\end{document}$ \[[@CR20]\]:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} -3{\kappa }^{-2} \int d^4xd^4{\theta }\, {\varvec{E}}e^{-{\kappa }^2 {\mathcal {K}}/3}. \end{aligned}$$\end{document}$$In components, the kinetic terms of the gravity multiplet take the following form:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} e^{-{\kappa }^2 {\mathcal {K}}/3}| \times (\mathrm{canonical~one}), \end{aligned}$$\end{document}$$where the symbol \| picks up the lowest component. We can control the normalisation by rescaling the gravity multiplet. This may be performed in components \[[@CR20]\], but in this article we will do it in superspace to keep supersymmetry manifest. We recall that$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} -3{\kappa }^{-2} \int d^4xd^4{\theta }\, {\varvec{E}} \end{aligned}$$\end{document}$$gives the canonically normalised kinetic terms in the gravity multiplet.
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In this article we will consider the case where the compensators are $\documentclass[12pt]{minimal}
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In this article, we take another option, in which $\documentclass[12pt]{minimal}
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### Gauge fixing of compensators {#Sec13}

Butter \[[@CR22]\] presented a formalism of the conformal superspace and supergravity actions over it (conformal supergravity) with compensators, and exemplified their relations to other formulations of supergravity. In particular, he proved that for a given function $\documentclass[12pt]{minimal}
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Integrating out heavy fields {#Sec16}
----------------------------
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Effective Kähler potential and superpotential {#Sec17}
---------------------------------------------

Let us now fix the compensators. As outlined at the end of Sect. [4.2](#Sec10){ref-type="sec"}, we find $\documentclass[12pt]{minimal}
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Indeed, a globally sypersymmetric limit is obtained in the limit $\documentclass[12pt]{minimal}
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The gauge fixing ([4.46](#Equ98){ref-type=""}) simplifies the effective equation of motion ([4.42](#Equ94){ref-type=""}) into$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&\left( 1 - \frac{1}{6} \Delta q_-{\varvec{V}}\right) \left( x\overline{{\varvec{\Phi }}}_+ e^{xq_-{\varvec{V}}} {\varvec{\Phi }}_+ \right. \nonumber \\&\quad \left. - v^2e^{-q_-{\varvec{V}}} + x-1 \right) - \Delta = 0, \end{aligned}$$\end{document}$$which can be solved analytically for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\overline{{\varvec{\Phi }}}_+{\varvec{\Phi }}_+$$\end{document}$ as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\varvec{V}}$$\end{document}$,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \overline{{\varvec{\Phi }}}_+{\varvec{\Phi }}_+&= x^{-1}e^{-x q_- {\varvec{V}}} \Big ( v^2 e^{-q_-{\varvec{V}}} - x+1 + \frac{\Delta }{1- \frac{1}{6}\Delta q_- {\varvec{V}}}\Big )\nonumber \\&= x^{-1}e^{-x q_- {\varvec{V}}} \Big ( v^2 e^{-q_-{\varvec{V}}} - v^2 + \frac{\frac{1}{6}\Delta ^2q_- {\varvec{V}}}{1- \frac{1}{6}\Delta q_- {\varvec{V}}}\Big ). \end{aligned}$$\end{document}$$In the global limit $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\kappa }\rightarrow 0$$\end{document}$ with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Note that another non-trivial globally supersymmetric limit may be obtained by relaxing the first relation of ([4.48](#Equ100){ref-type=""}) and then by matching ([4.11](#Equ63){ref-type=""}) and ([3.14](#Equ30){ref-type=""}) that fix $\documentclass[12pt]{minimal}
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                \begin{document}$$(m_{\mathrm{susy}},\xi )$$\end{document}$ in the global case, while the relation ([4.50](#Equ102){ref-type=""}) is reduced to ([3.27](#Equ43){ref-type=""}) by the second relation of ([4.48](#Equ100){ref-type=""}).

Inflation from the effective low-energy theory {#Sec18}
==============================================

In Sect. [3](#Sec3){ref-type="sec"}, we obtained the effective scalar potential of the FI model based on a gauged R-symmetry by integrating out the heavy degrees of freedom within global supersymmetry. However, as shown there, the resulting model does not fit the class of inflation models discussed in Sect. [2](#Sec2){ref-type="sec"} because the condition for the integration out cannot be reconciled with the condition that the scalar potential has a local maximum at the origin. In this section, we show that the model in the last section obtained by a similar procedure within supergravity does not have this problem and gives inflation models in the class discussed in Sect. [2](#Sec2){ref-type="sec"}.

Strictly speaking, the effective theory found in the last section does not have a gauged R symmetry. Therefore, to construct inflation models of the type we discussed in Sect. [2](#Sec2){ref-type="sec"}, we need to add another gauged R symmetry to the low-energy theory, which we denote by $\documentclass[12pt]{minimal}
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In what follows, we will analyse the behaviour of the effective Kähler potential around the origin and identify the parameter regions in which the scalar potential has a local maximum at the origin.

Perturbative analysis near the origin {#Sec19}
-------------------------------------
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The effective scalar potential and slow-roll parameters {#Sec20}
-------------------------------------------------------

In order to study the global minimum of the potential and compare our predictions for inflation with the observational data, we need the exact expression of the scalar potential. Using the analytic solution ([4.50](#Equ102){ref-type=""}) for $\documentclass[12pt]{minimal}
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### Region I {#Sec21}
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In Fig. [1](#Fig1){ref-type="fig"}b, we plot the excluded region in the parameter space (*v*, *x*). We can see that **Region I** and some part of **Region II** are in the excluded region and do not satisfy the integrating out condition. We can show quantitatively by using ([4.14](#Equ66){ref-type=""}), ([4.15](#Equ67){ref-type=""}) and ([4.16](#Equ68){ref-type=""}) that the parameters ([5.27](#Equ129){ref-type=""}) give the mass ratios,$$\documentclass[12pt]{minimal}
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### Region II {#Sec22}

We choose parameters that are outside of the excluded region shown in Fig. [1](#Fig1){ref-type="fig"}b, for example$$\documentclass[12pt]{minimal}
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### Region III {#Sec23}

This case is not in the excluded region shown in Fig. [1](#Fig1){ref-type="fig"}b, so the integration out condition may be satisfied. We can choose for example$$\documentclass[12pt]{minimal}
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Using the constraint ([4.10](#Equ62){ref-type=""}), we obtain $\documentclass[12pt]{minimal}
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### Region IV {#Sec24}
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Conclusion {#Sec25}
==========

In this paper we studied a generalised Fayet-Iliopoulos model based on a $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{U}(1)$$\end{document}$ is unbroken and small field inflation takes place in agreement with CMB observations, until the inflaton rolls down to a 'nearby' minimum having a tiny positive (tuneable) vacuum energy that can describe our observable universe.

In order to integrate out the heavy fields, we employed the formulation of supergravity with superconformal compensators in conformal superspace \[[@CR22]\], to keep track of the normalisation of kinetic terms in the gravity multiplet and to facilitate the identification of the effective Kähler potential and superpotential.

It would be interesting to explore the possibility of realising our generalised Fayet-Iliopoulos model in a UV-complete theory, such as string theory with D-branes.

Conformal supergravity and compensator superfields {#Sec26}
==================================================

We briefly review how to construct supergravity actions invariant under the diffeomorphisms and gauged superconformal transformations in a curved superspace with coordinates $\documentclass[12pt]{minimal}
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**Gauging superconformal transformations**
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                \begin{document}$$\mathscr {A}$$\end{document}$ runs over the superconformal generators. We regard them as internal transformations, namely transformations acting on the local Lorentz coordinates.

To gauge them, we associate a gauge field $\documentclass[12pt]{minimal}
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Since we work in a curved superspace, it is more convenient to use the parallel transport generators $\documentclass[12pt]{minimal}
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                \begin{document}$${\nabla }_A= {\varvec{E}}_A{}^M{\nabla }_M$$\end{document}$ may be implemented with the gauge fields,[17](#Fn17){ref-type="fn"} $$\documentclass[12pt]{minimal}
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Now, our first goal is to construct actions which are invariant under the parallel transport $\documentclass[12pt]{minimal}
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                \begin{document}$${\hat{M}}_{ab},{\hat{D}},{\hat{A}},{\hat{K}}_A$$\end{document}$.[19](#Fn19){ref-type="fn"} It is clear from the definition of the parallel transport ([A.7](#Equ144){ref-type=""}) that theories constructed in this way are invariant under the diffeomorphisms generated by the Lie derivatives.

**Chiral and primary superfields**

Here, we introduce two important classes of superfields in conformal superspace. A chiral (anti-chiral) superfield is defined by $\documentclass[12pt]{minimal}
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Conformal supergravity imposes the following curvature constraints,$$\documentclass[12pt]{minimal}
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**Invariant actions**

As in the globally supersymmetric case, we will work with invariant actions which are classified into D-type and F-type. The D-type action takes the following form,$$\documentclass[12pt]{minimal}
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                \begin{document}$$\mathbb {V}$$\end{document}$ is a scalar real primary superfield of weights (2, 0). On the other hand, the F-type action takes the following form,$$\documentclass[12pt]{minimal}
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**Compensators and gauge fixing**

To obtain supergravity theories which are super-Poincaré invariant, it is convenient to introduce compensator superfields and then fix them to break the *D*, *A*, *K* gauge invariances. In this article, we introduce two compensator superfields $\documentclass[12pt]{minimal}
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The next task to fix the gauge degrees of freedom of the dilatation, chiral $\documentclass[12pt]{minimal}
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Alternatively, the canonically normalised kinetic terms in the gravity multiplet are realised by the following gauge condition$$\documentclass[12pt]{minimal}
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**Relation to other formulations**

Here, we comment on the relation to other formulations. We have already mentioned above that the gauge fixing by ([A.21](#Equ156){ref-type=""}) and ([A.26](#Equ161){ref-type=""}) gives supergravity theories in the Kähler superspace. The superfields $\documentclass[12pt]{minimal}
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Whichever formulation we adopt, the scalar potential takes the same form, given by the following standard formula,$$\documentclass[12pt]{minimal}
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**Proof of the identity** ([4.43](#Equ95){ref-type=""})

Below, we give an outline of proving the identity ([4.43](#Equ95){ref-type=""}). We first show using the chirality of $\documentclass[12pt]{minimal}
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See \[[@CR2]--[@CR4]\] for earlier works on relating supersymmetry breaking with inflation and also \[[@CR5]--[@CR15]\] for related approaches along this direction.
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Strictly speaking, it involves a local rotation of the fermionic coordinates in addition to the overall phase rotation, due to the non-invariance of the superpotential under $\documentclass[12pt]{minimal}
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Note that these transformations are internal.

The index *M* covers the Lorentz vector and spinor indices $\documentclass[12pt]{minimal}
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                \begin{document}$${\varvec{C}},{\bar{{\varvec{C}}}}$$\end{document}$ is defined with respect to the superconformal covariant derivatives, which differ from the ones of Poincaré superspace, containing only the spin connection (i.e. the gauge field for Lorentz transformations). This is why the gauge fixing ([4.25](#Equ77){ref-type=""}) is allowed.

More explicitly, the gauge fixing ([4.25](#Equ77){ref-type=""}) along with ([4.26](#Equ78){ref-type=""}) converts the covariant derivatives of the conformal superspace to the ones of the Kähler superspace. The covariant derivatives in the conformal superspace contain the gauge fields for the Lorentz transformation, dilatation, chiral $\documentclass[12pt]{minimal}
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This does not affect the superconformal invariance because $\documentclass[12pt]{minimal}
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Its proof is outlined at the end of Appendix [A](#Sec26){ref-type="sec"}.

One might have wondered why the Eqs. ([4.42](#Equ94){ref-type=""}), ([4.44](#Equ96){ref-type=""}) and ([4.45](#Equ97){ref-type=""}) have terms proportional to $\documentclass[12pt]{minimal}
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                \begin{document}$${\varvec{V}}$$\end{document}$ with weights (0, 0) despite the condition that they should have weight (2, 0) for the action to be superconformally invariant. This is because we have taken a heuristic route to find the effective Kähler potential and superpotential, keeping the compensators $\documentclass[12pt]{minimal}
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                \begin{document}$${\varvec{C}},\overline{{\varvec{C}}}$$\end{document}$ undetermined, while we used the D-tadpole subtraction in ([4.42](#Equ94){ref-type=""}). An unambiguous way would be to fix the compensators as ([4.46](#Equ98){ref-type=""}) with ([4.47](#Equ99){ref-type=""}) from the beginning, and follow the same steps as in the last subsection with fixed compensators in the Kähler superspace characterised by $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathcal {K}}_{\mathrm{eff}}$$\end{document}$. This leads to the effective action ([4.31](#Equ83){ref-type=""}) with the effective Kähler potential and superpotential ([4.47](#Equ99){ref-type=""}). It would be interesting to find another way of removing the tadpole that keeps the superconformal covariance.

More precisely, we first rescale $\documentclass[12pt]{minimal}
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The commutation relation becomes the anti-commutator when the indices *A*, *B* are both spinorial.

These relate the diffeomorphisms with parameters $\documentclass[12pt]{minimal}
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Since the Lie derivative involves derivatives of the parameter $\documentclass[12pt]{minimal}
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This goal boils down to the standard construction of non-supersymmetric gravitational theories, if we replace the superconformal generators by the Poincaré ones $\documentclass[12pt]{minimal}
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For convenience, we present the commutation relations among $\documentclass[12pt]{minimal}
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To prove this, we need the definition of the gauge transformation of the vierbein with parameter $\documentclass[12pt]{minimal}
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